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S U M M A R Y
Objectives: This study was performed to determine the yearly frequency, trends in spread, and clinical–
epidemiological characteristics of human subcutaneous/ocular diroﬁlariasis (HSOD) in the Russian
Federation and Belarus.
Methods: The surveillance data of HSOD cases occurring between January 1997 and June 2013, obtained
from the regional health administrations of the Russian Federation and Belarus, were analyzed. The
spatial distribution of cases was assessed using a GIS map, and the clinical–epidemiological
characteristics were deﬁned using 719 cases for which information on anatomical location, age, sex,
and area of residence was available. The statistical analysis was performed using the Chi-square test.
Results: One thousand two hundred and seventy-two clinical cases of HSOD were identiﬁed, the
majority of them reported in the south-western regions of the Russian Federation. The disease has spread
into northern areas, changing its limit from latitude 458N in 1997 to latitude 618N in 2013. The statistical
analysis of the data showed that the disease is more frequent in the ocular location, in women, in patients
aged between 41 and 60 years, and in patients living in urban areas.
Conclusions: Alternative sources to the scientiﬁc literature could be necessary to assess the
epidemiological situation regarding HSOD in some areas where it has become an emerging condition.
There is an urgent need for uniform criteria for reporting and retrieving human cases of diroﬁlariasis.
 2015 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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Human subcutaneous/ocular diroﬁlariasis (HSOD), caused by
ﬁlarial worms of the genus Diroﬁlaria in the Old World, is an
emerging vector-borne zoonotic disease in Europe.1 HSOD is
characterized by the development of benign subcutaneous and
subconjunctival nodules that mimic malignant tumours and the
presence of non-encapsulated worms in the ocular region.2,3
The assessment of the incidence and distribution of HSOD has
usually been based on the retrospective review of previously
published clinical cases.2,4–6 However, published data are often* Corresponding author. Tel.: +34 923294535; fax: +34 923294515.
E-mail address: fersimon@usal.es (F. Simo´n).
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license (http://creativecommons.org/licenses/by-nc-nd/4.0/).incomplete and reﬂect only a part of the problem. As an example, in
Ukraine, where HSOD has been a reportable disease since 1997,
1467 cases were recently brought to light following a review of the
surveillance data of the Ministry of Health.7 Although HSOD
became a reportable disease in the Russian Federation and Belarus
in September 2013, information on clinical cases has been
collected for years by the regional health departments. Neverthe-
less, a limited number of the ofﬁcially reported cases have been
published in local journals.
In this study, we reviewed the information on HSOD cases
reported in the ofﬁcial archives of the ministries of health of the
Russian Federation and Belarus in order to determine its annual
frequency and trends in spread, and to deﬁne the clinical–
epidemiological characteristics.ciety for Infectious Diseases. This is an open access article under the CC BY-NC-ND
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We analyzed the surveillance data on HSOD for the period
January 1997 to June 2013; this was obtained by a request to the
local health administrations of the 83 administrative units of the
Russian Federal Service for the Supervision of Consumer Rights
Protection and Human Welfare (Rospotrebnadzor) and the
Epidemiology Department of the Ministry of Health of Belarus.
The spatial distribution of cases was assessed using a GIS map
that included national and regional boundaries. The clinical–
epidemiological characteristics of 719 cases for which information
on the anatomical location, age, sex, and area of residence was
available, were also retrieved and analyzed.
The statistical analysis of these factors was performed using the
Chi-square test. Differences were considered signiﬁcant at
p < 0.01.
3. Results
A total of 1272 clinical cases of HSOD (1192 in the Russian
Federation and 80 in Belarus), whose aetiological agent was
conﬁrmed by histopathological examination of the surgically
removed worms as Diroﬁlaria spp, were identiﬁed. Cases were
reported in 64 out of the 90 administrative units of both countriesFigure 1. (a) Distribution of reported human subcutaneous/ocular diroﬁlariasis cases i
Latitude limits of the cases reported in 1997 are shown in red. Imported cases come from
subcutaneous/ocular diroﬁlariasis reported in the Russian Federation and Belarus from(Figure 1A). The number of administrative units reporting cases
increased from six in 1997 to 58 in 2013 in the Russian Federation,
and from two to six in Belarus. The number of cases per year
increased progressively from eight in 1997 to 198 in 2012, with
peaks in 2002, 2007, and 2012 (Figure 1B). A clear geographical
spread of HSOD was identiﬁed, with a change in the northern limit
of transmission from latitude 458N in 1997 to latitude 618N in
2013. The highest number of cumulative cases (n = 222) was
recorded in the south-western Rostov region (latitude 478N),
followed by the midland Nizhniy Novgorod region (latitude 568N;
146 cases). In addition, ﬁve administrative units reported 50 to
100 cases each, 11 reported 20 to 50, nine reported 10 to 20, and
31 reported fewer than 10 cases.
The clinical–epidemiological characteristics of 719 cases are
shown in Table 1. The ocular location was observed at a
signiﬁcantly higher frequency than the other anatomical locations.
A signiﬁcantly higher number of cases were found in women than
in men, in patients aged 41 to 60 years, and in patients living in
urban areas.
4. Discussion
The distribution and incidence of HSOD in the Russian
Federation and Belarus is probably only partly known by then the Russian Federation and Belarus from 1997 to 2013, by administrative units.
 Ukraine and south-western Russian administrative units. (b) Yearly cases of human
 1997 to 2013. (*) Cases reported from January to June 2013.
Table 1
Clinical and epidemiological data of Diroﬁlaria human infection based on
information collected from 719 cases of human subcutaneous/ocular diroﬁlariasis
registered between 1997 and 2013 in the Russian Federation and Belarus
Variables Number Percentage
Sex
Male 184 25.6%
Female 535 74.4%
Age, years
<20 55 7.6%
21–40 145 20.1%
41–60 234 32.5%
Location
Ocular 312 43.4%
Limbs 159 22.1%
Head 136 18.9%
Trunk 82 11.4%
Genital 21 2.9%
Lung 5 0.7%
Peritoneum 4 0.6%
Area of residence
Urban 552 76.7%
Rural 167 23.3%
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cases have been published, the majority of them in local journals
that do not have an international circulation.8 Our analysis of
passive surveillance data from the ministries of health of both
countries conﬁrms this assumption, since the ofﬁcial data showed
a higher number of HSOD cases than those published in scientiﬁc
journals, suggesting that this source of information may not be
sufﬁcient to obtain a reliable picture of the epidemiological
situation in these countries.
From 1915, the date of the ﬁrst Russian reported case of
diroﬁlariasis,9 to 1996, only 113 cases were published in the
Russian literature, most of them reported in a restricted number of
south-western administrative units. Nevertheless, our study
demonstrates that, between 1997 and 2013, the morbidity due
to HSOD underwent a dramatic increase, with a clear northward
spread into highly populated areas, through the Volga and Don
River basins, and appearing in some southern Siberian regions.
There were ﬂuctuations in morbidity during the above-mentioned
time-period, probably related to thermal ﬂuctuations inﬂuencing
both the abundance of mosquitoes and the number of yearly
generations of Diroﬁlaria larvae developing in the vectors.10
Our data suggest that in the Russian Federation and Belarus,
almost half of all HSOD cases have an ocular location and that
HSOD predominantly affects females; both rates are clearly higher
than those observed at the global level.2 Regarding age, the highest
number of cases was found in people aged between 41 and
60 years, similar to the ﬁndings of other studies.2 We are not able
to state if this pattern is due to a greater exposure to mosquito bites
or to a different susceptibility related to sex and age. On the other
hand, despite the fact that most cases were found in persons living
in urban areas, many of them reported having been bitten bymosquitoes during visits to rural or recreational areas close to lakes
or rivers.
The emergence of HSOD has been associated with the increase
in temperatures and the existence of a large stray dog population
that has not received chemoprophylaxis against diroﬁlariasis; both
of these factors are present in the area studied.10 Additionally,
subjective factors such as a lack of awareness of the disease, as well
as the low visibility and accessibility of the databases in which
cases are collected, may give an altered picture of HSOD,
concealing a part of the available information and making this
disease a neglected health condition. This, together with the
severity of some reported cases,3 shows the urgent need for the
application of uniform criteria to detect and retrieve human cases.
These criteria could contribute to establish a solid basis for the
epidemiological assessment of HSOD and guide the use of control
measures in the canine reservoir population when needed.
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